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INTRODUCT ION

Developments in storage batteries have been slow in comparison to
other arcas ¢of energy conversion. This is especially true in the field
of elkaline batteries. There are a number cf reasons for the meager
proyress, but without enumerating these, it should be mentioned that
many of the breakthroughs were made by tireiess individuals such as
Edison, Jungner and Andre'. An excellent review of their work is given
in the book by Falk and Sa1kind1.

The first alkaline battery, the Lelande-Chaperon cell, was patent-
ed in 1884. Soon afterwards there were a number of variations described
in the patent literature. but a modification by Edison in 1889, the
Edison-Lelarde cell, was by far the most successful. A mondern day
version i< still used in railroad signaling appliications. 1t was only
recently tnat production of this copper oxide-zinc battery was termi-
nated by the Edison Storage Battery Division of the McGraw-Edisor Co.

In 1909 manufacturing of nickel-cadmium pocket plate cells began
in Sweden, and almost twenty years later sintered plates were developed
in Germany for nickel-iron and nickel-cadmium ce]isz. The first military
production occurred in the 1930s, and variations of the sintering and
impregnation processes are stil v use today throughout the battery
industry.

The first successful siiver-zinc battery did not emerge until

" S.U. Falk and A.J. Salkind, Alkaline Storage Batteries, John Wiley
and sons, New York, 1969,

2 G. Pfleiderer, F. Spaun, P. Gmelin, K. Ackermann, German Patent

491,498 {1928) .




1941, after over twenty years of work on the systiem by Andre'E. its
success is mainly attriputed to develenment of a cellophane sepavator
which kept the colloidal silver oxide particles from migrating to the
negative plate.

Spin-cffs from the space program are responsibie for many of the
present day improvements that we have in aikaline batteries such as
Hermeticaliy sealed nickel-cadmium cells and vastly improved silver
cells.

Military programs have also played a definite role in many of the
current developments in alkatine battery technolcgy. Some of the recent
progress at the Air Force Aero-Propulsion Laboratory in elentrode fabri-
cation is given in this report. Techniques in electrochemical impreg-
nation of sintered nickel plaque with cadmium and nickel hydroxide have
been developed in-house which have demonstrated vastly superior perform-
ance over electrodes presently used in nickel cadmium cells. This nickel
hyvdroxide etectrode is a logical cardidate over cther niclel hydroxide
electredes for the nick.1l hydrogen cell. Due to investigations for a
charged dry stand nickel hydroxide electrode, a reserve type nickel zinc

system appears feasible for replacement of the costly silver-zinc

batteries presently used in primary missile batteries. Final'v, high
power, on the order of megawatts, appears a definite reality for a:rcraft
applications as a resuit of a development program for a bipolar electrode,

pile type silver-ziuc battery.

3
Ho Andre', Bull. Soc. Yranc. Electriciers, (&), 7, 132 (1941)

2




IMPROVED SECONDARY NICKEL-CADMIUM CELLS

Nickel-Cadmium batteries have been in commercial production over
sixty years. The earliest versions had an energy density of about Your
to five watt-hours a pound and could be charged and discharged in 45
minutes.4 Welding was not fully developed; therefore, methods of con-
struction were mostiy dependent upon mechanical means of assembly. In
contrast, space-age technology has provided means of producing nickel-
cadmium cells that can store and deliver up to five times the eiectrical
energy in a few minutes for the same weight. Needless to say, ithese
batteries are much sturdier in construction than the early models.

This modern day version which is the power storage device in practially
all U.S. Air Force satellites and aircraft is known as a sintered plate
nickel-cadmium battery.

The first sintered plate cells were developed during the late 1920s
at the 1.G. Farben incustrie A.G. in Germany.5 Cells using this design
were not put into production to any extent until almost ten years later
during the early stages of World War II. Sintered plat s have a large
active surface area, can be made unusually thin, and may be piaced very
close together. These fteatures give rise to good high rate performance.
This characteristic, along with their excellent low temperature perforn-
ance, made sinterad plate nickel-cadmium celis excellent candidates for

mititary applications.

4 Waldemar Junger, Swedish Potaag 15,067 (1901), German Patent 163,170

(1901).  See 5. U. Falt and A.J. Sulkind, Alkaiire Storage Batteries,
John Witey and Sons, New York, 1463, p. If.
.

9]

G. Pfleiderer, F. Spaun, P. Gnetin, K. Ackermann, op. citb.
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Prior to developwent of the sintered plaque electre-e, active material
in the plates was held in folded pockets o7 thin, perforated copper or
nickel-plated steel sheets. Graphite was sometimes added to onhance con-
ductance of the metal oxides and hvdroxides. The porous sin-ered plaque
replaced the pnckets yielaing a substrate that retained the active material
whiie collecting and conducting the electric current. The pleque is prepared
by sintering a hign surface area nickel powder with a centrally located
expanded nickel grid, wive screen, perforated nickel or nickel j-lated steel
sheet.

Sintering is o process throuch which a mass of particles having the
approximate same composition is tvansformed into a ridged body without
reaching che melting puint of the material. In general, the process is
possible because of the ability of metals and other solids to exhibit some
bulk and surface mobility. Aithouygh surface tension appears to constitute
the principa’ driving force, the subjc-t is actually a rather complex one
and not “ulily understocd.6 Sintering of metal powdars, such &S iron or
nickel, under proper corditions produces a continuou, porous, conducting
matrix which can bo impregnated with active materials.

Th2 active material in o nickel-cadmiun battory is nickel (111)
hydr: xide {(Ni1ODH) in the positive plate and cadmium metai in the negative.
On discharge thece are conve: ted te nickel (I1) hydroxide (Ni(OH)F) and
cadmium hydrox. de (CU(OH)?), respectively.  The electrolyte used is 30-344%

putascium hydroxade.  Cquations representing the bali-reactions for these

£ . - . oo ,
’ cal Chemistry ot Surtaces, Interscrence.

Avthay W. Ad omson, Bh
’ 263,

New Yook, ed Tdo, 1800

&




processes at each electrode ave shown below:

Ni(OH), + OH —D2XS€ s NOOH + H.G ¢+ o

Discharge

Dischargey

Cd + 20H” o Cd (O}

harge * 2

)2
Actually these equations are rot fully reoresentative of all phenomena
occurring on charge and discharge in a nickel-cadmium battery. In fact,
the physics and chemistry of & nickel-cadmium battery are quite complicated
and not fully understood, and investicitions are still being carried out
in order to better elucidate the reactions occurring at the electrodes
New Methods of Plate Manufacture

There is also a greet deal to be learned about impreygnating nickel
plaques with active material. In the original development of the sintered
electrode the active material was introduced by di.ping the sintered
nlauues in solution cf suitable wetal salt-. such as nitrates, foltowed
by precipitation of the metal hydroxides vy means of alkaline sciution.
Variations of this method are still used coday which inclulde the use of
vacuum to increase the omount of nitrate salt drawn into the pores of the
plague and a cathodization treatment in hol alkaii to remove residual
nitrates by converting them 1o onmenia which s vatatilized.  This
process requires a number of repetitions to fuily lToad a plagque wilh
active material.  An olternate meithod for tmpregnation uses heot
ftransform the metal walts absorbed S the plague to oxides or hydeoxtdens.

In addition to the above methods of fapregnat fon therco are several

other methods which ave beine developed.  The moot vomising of fhese yae

electrochemical deposition b bod oy nitrate sty vt T depo i b D w b ive
maiertal tnedde the pores of the planres g thy o b v inague o plogie ay
be fully dmprognated withon 10 vty to a0 cov broof how - depending npon

e ke s A ko e & i e St bl s 8 e A e b
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the nature of solvent, boiling temperature and current density.

The first of these tecnniques was developed by R.L. Beauchamp at
Bell Telephorne Laboragories,7 and involved the use of boiling aqueous
salutions. Ysing scanning electron microscope techniques, Beauchamp
nas shown that a muck mere uniform distribution of active material is
achieved throughout the plague than with conventional vacuum-aikali
imprecration methads.8 Eiectrodes vabricated using this electrochemical
method show a substantial imprcvement 1n capacity and retention of
capacity with increasing cycle life. In the Bell Telephone process the
plaque is made cathodic (the negative electrode of an electrolysis ceil)
in a boiling solution of nickel or cadmium nitrate and sodium nitrite
using inert anodes. A current of about 0.5 amperes per square inch of
plague 1s applied for 30 minutes to one and one-half hours resulting in
a Tully impregnated plaque. Impregnation nsing state-of-the-art methods
requires six Lo eight bours.

Similar metheds of dmpregnation have been developed at the Air Force
Aero-Propulsicn Lahoratory.g These methods differ from the Bell method
in that an ethanol solution is used for impregnation of the positive plate
and high current density s used for tupregnation of the negative plate.
Poitive elecirodes impregnated from the AFAPL process have a capacity ot
9t 10 ampere-hoars o cubic inch as opposed to abaut % ampere-hours per

cabic Inch tor state-otf-the-art. A fully impregnated negative pltate may

[8

R0 Beanoramh, oS Potent 3.573,000: 0. Patent 3,653,967,

B Beaasbamp, o Hlectyachemicar Society, to bo publisned. %

>

¢ .

Bavid b Pochett o o Pooents 30070000 (Aug 1974) 5 5,873,308 (Mare 1975)



e optainad in less than 10 minutes using the AFAPL techmigue. Celis
having plate- fabricated according to these orocedures have very good
high temperature performance and very stable capacity throughout
numerous charge-discharge cycles.

The novelty nf the AFAPL and Bell processes of impregnation is that
precipitation of nickel hydroxide and cadmium hydroxide inside the pores
or the plague i1s carvied out electrochemicaliy from nitrate solutions
eliminating the need for conversion through dipping in atkali or through
thermal decomposition. These are not the first electrochemical methods
of impregnation that have been devised, but they are the only ones
reported that can be used for a full ioading of plague without repetitions

. . . i
of the impregnation cycle.'H

Also, with other electrochemical methods
it is difficult to depceit the hydroxides inside the pores of the piague
without precipitation in the bulk solution and on the cutside of the
nlaque surface. These side effects result in blockage of the pores
Timiting the amount of active material that can be introduced into the
plaque. In the Bell process these undesirable results are minimized
threugh additon of sodium 1ivite 12 the impregnating beth. In the
AFAPL process they are eliminated by use of an ethyl alcoho? solution.
Theory of Electrochanicar Impregnaticss
in order tioobiaie a general understandine of the principles

involved in thote processes, Tet us constder whal happens Lo an ayuenus

10 Other meinaods ave raparied “r the patert Viterature, but workiry

cale resi b foom these bave not beea recorted,  Ser: Pell,
Mok, e Biussoa, RUOWO, LS aient 3,567,699 (1970) ans

Hateman, ©.0 0, U4 Pacent U600 27 1977 ) "
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nitrate solution when electric current s passed through i, At iLhe
negative electrode (the cathode) nitrate and water are veduced, depending
on the applied potential vemoving hydrogen ions {or producing OH™ dions).
Fouations representing these half-reactions are shown below. If metal

N

NOLT + 2R v eT = ND, ¢ H,

9 2
(or NO3W FHO0 4+ e o NG

ND.T 4 3H O+ 2e7 = HNO

5t 20H™)

o *H

NO.T + aHT 4+ 3eT = NO + ZH

20

0
NOLT + BH' 4 4T — L/2N,0 +

2 !/EH?O

O3 ar w se” = 172N, + 3,0
. £
NG,T + TH ¢ 6T = NH,OH + 2H,0

0,7 + 81"+ 72T T 1/2NH, + 3,0
NO,T + TOHT 4 8e” = NH,  + 3K
W+ e T 1/2H,

[

(or H,0 + e - 1/ 7H
L .

fons, such as Ni ar Cd™T, ave present that form insolubie hydroxides,
they are deposited on the cethode or precipitated in sciution as soon
as the pH of the salution becomes sufficiently Wigh. In other words, the
react ion

T (or td Ty ¢ 2007 NH(GH), D AOR),)
OLCUTS .

At the anode (positive electrode) the reactions cccurring depend

on the composition of the anode as well as the applied potential. If

an inert anode is present, such as platinum, water is oxidized tu oxyaen

i - N o
and hydrogen ions ave geperated in solution. If nickel, codmiwm, or

Fiothe poteattal i sufficrently high, platinu cen be oxidized,
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othe, oxidizatle metal anodes are used, the anodes are eventually zon-
sumed into solution.  In suinmary.,

e o] ) + g 3

HG o i/,QO2 + 2H + 22 (Inert Anodes)

Ni (or Cd) = Ni+ (or cd*™) v 207 (Consumable Anodes)

As indicated all the above reactions are reversible. Thus, it is
possible to plate nickel or cadinium as metals on the cathode and to
oxidize a1l the varicus nitrogen compounds back to nitrate. The latter
process does occur tn some extent under conditions used for electro-
deposition of hydroxides in nickel plagues, btut plating of metals
usually doesn't happen as the petential ravely becomes high enough to
allow it

tf ethanoi is row added to the nitrate sciution, the chemistry
becomes much move complex as there are a numbar of organic compounds
formed auving electrolysis. In addition, the thermodynamic equilibria
contre’liing the pH or acidity ol the solution are changed sucn thac one
now has a real problem in trying to charecterize the physical as well as
chemical aspects of the orocess. There is encunh known about such a
system thal carvying out electrolysis in aqueous etharoel solutions is

not entively "black magic". 'The sane reactions occur at the cathode as

in aqguecus media. Inoaddition, veactions such as reduction of the

pthanod te sthane are possible.

Probably the most significant in terms of plaque lmpregnation are

tae apedic resciions concerning oxidation of ethanci to acelalaehyde,

cuatye aoid aand carbon stowide,
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CHAOM & 1,0 T CH,CO0H + ant + ge
CLHOR + 30,0 = 200, + 120 + 12a
25 Y 2

These reactions generate aydrogen jons which newtralize excess hydroxide
tors coming from the reduction of nitrates. This effect helps to control
the solution ecidity and prevents precipitation of hydroxides in the buik
solution.

Lastiy, addition of ethanol to an agueous solution Towers the boiling
poirt. Alcohel and water from an azeotropeTB at 77° Centigrade. In the
presence of nickel nitrate at &« concentration favorable for plaque
impregnation (Ca. 2 moles per Titer) boiling cccurs at about 80°C. This
temparature permits use of plastic tanks for carrving cut depositions
and reduces the amount of energy that would he necessary to raise the
temperature to the aqueous boiling point of 104°C.

From the above discussion .t is readily apparent that theve are
complicating fe o tures associated with competing reactions and the
complementary pracess occurring at the counter electrode.  The most
important are reactions that “end te change the pH ov acidity of the
impregnation bath. If the hath 2cidity is too nigh, nydrogen ifons will
remove the hydroxyl jons generated in fhe placue pore structure as they
can ¢ivfuse irnio the small pores much wmove vopdily thar nickel or
catitium tons ang witl reduce the of Ficienny of the precess. I the

actdity is oo dow, deposits will bitid up or the surface of the plaque

T
e An greotrope 15 a boiling solution of two nr more Diguids whose vapoy
nas a constarl composition.,  Ghe azeotropic temperaiure 1s either Tess
than or move than the hoiling point of ald the constitutents.  Ethanol
and water form an azectromwhich boils at a lower tspperslure than

gither constituent hiving a numpnsltimn of 2HE et hano

{0
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and deposit in the hulk solution rathev than in the pores. In ihe BRell
procass inert anode: are usad, and hydvogen ron is readily generated.

In order o control the increased acidity ard buffer the solution,

sadium nitrite, which is & weak base and compatible with the chemistry

of the bath, is added to the solution. TIn the AFAPL processes consumabie
anodes are used and control of the solutiun acidity does not become as
great a problem. Production of hydrogen ion due to oxidatior of alcohoi
is a boon as it does not allow the acidity to become too Tow. The
creation of acetates and acetic acid alsc probably helps to buffer acidity
of the solution. Use of additivas to control pH in the impregnation of

the negative plate by ihe AFAPL process is noc necessary.

Lxperunental cells having piates fabricated according to the AFAPL
procedures show substantial improvement in performance ovzr state-of-the-
art cells in terms of cycie Tife, retention of capacity with cycle lite,
charge acceptance &' elevated temperatures, and enevqy density. The
latter two properties ave i luenced to zome extent by an increased
amount of cobalt additive in tne positive rlate, bt mainily by efvicient
deposition of active material using electrochemical impregnation methods.

When cycled under acceierated failure conditions of elevated
temperatyre, moderately high: charge and discharge rates {ons hour charge/
one hour discharge) and 100% depth of discharge, 22 ampere-hour AFAPL
cells underwent over 750 charge/dischavge cycles. Under the same
corditions state-of-the-art «iceraft cells of the same rating fatled
between %00 ang Hi0 cyclesn.

The improved rotetion of capacity with cycie Vife for APAPL cells

vs illustrated in Figure 1. The fading of apacicy with cyole 1ife din
1i
§




nickel-cadmium cells is caused by the negative plate, apparently because
the small particles of active material tend 1o agglomerate reducing the
active surface area of the plate. This effect is more pronounced with
metal electrodes. Tt is apparently minimized, or at least greatly
reduced, by efticient distribution of the active material throughout the
plate with an electrochemical impregnation. The results shown in Figure
| were taken from negative limited three plate cells all having equal
electrade volume. Capacity per pound is 5G ampere-hours for the E.I.
electrode as oppesed to 40 ampere-hours for the electrode in cell A and
46 ampere-hours for the electrode in cell B. Electrodes for A and B
were taken from unused standard aircreft celis. The celis were charged
and discharged at the one hour rate. Although » small number of cycles
Aere recorded, ong can readily tell that the trend of the curves for
ceils A and B is toward a more rapid decrease in capacity than for the
AFEPL cell.

The difference in capacity density (or energy density) is much more
prorounced in the positive AFAPL =lectrodes when compared to commercyal.
Performance of AFAPL positi.e electrodes produced at a beaker level are
shown 1n Table . Capacities are given in ampere-hours. Wnen cycled
ppcer the vame conditinns state-cf-the-zrt aivcraft electrodes have a
capacity of about 5 to 6 ampere-hours per cubic inch If cycled further,

13

the AFAPL edectrodes exhibit about 1207 utilization of active material.

The veason for percent utilizetion being over 100 ic that theoretical

capacity is based on a one - electeop change, 1.e., on the reaction
NIGOH + 1,0 ¢ e~ = Hilon), + OHT

[

&L

Phe above reaction is oversimpiified.  An ewxplanat ion has been oftfered

verently See:  JUF. Jarkovitz end DWW relaman, baoiended Abstracts
Pabbicat ton of rhe 1977 Sprine Meeting of the Fleotrochemical Scooiety,

Mroodl ook, Flal

1972, Abstroot 25, o 67
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Ironically, on scaling the process up to production better results
were obtained. Results of the first and fourth impregnation are shown
in Jable II. Assuming 120% utilization of active material can be obtained
from these elecirodes, they should have a capacity of greater than 10
ampere-hour's per cubic inch.

The apparatus used for impregnation is shown in Figure 2. It consists
of five anodes and four 9 1/2 inch by 8 1/4 plaque cathodes. Each plaque
is coined into six 2 3/4 inch by 4 3/4 inch electrodes. The bath is
contained in the polypropylene tank and heated by circulation through an
exterral resistance heater.

Plates from plaque aumbers SU-1 through SU-4 have been combined with
negative plates made from ¢ similar impregnation apparatus. The resulting
cells have been :ycled at elevated temperatures and their charge effici-
ency versus state of charge curves recorded. A comparison of this data
with data recorded for standard 22 ampere-hour aircraft cells under the
same conditions is shown in Figure 3.

From these results it can be seen that a much more efficient
battery results from the electrco-hemically .mpregnated plates. For
example, at 130“F]4, a maximum of 71% of the total capacity can be
obtained from an aircraft battery, and this is with an overcharge of
about 40%. At the same temperature better than 85% of the capacity can
be obtained with the AFAPL cell with less than nhalf the amcunt of over-
charge. At 90°F the AFAPL cells are far superior to the aircraft celis

at 75%, and at 110°F there is hardly o coirparison befween the two.

q _ . . _ o
] fhis coutd be the temperature of 2 battery 1n an arwrcraft taxiing

on o« runwdy in the Sovthwest during sunmer
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These results are also partly due to high concentrations of cobalt
hydroxide in the active material (Ca. 10 mole %). It has long been known
that cobalt improves high temperature charge acceptance in the nickel

hydroxide electrode along with capacity and cycle 1ife,15

16 in our labovatory has offered a partial

Recent work by Maloy
explanation for this effect. Using cyclic voltametric studies it was
revealed that presence of cobalt hydroxide increases the reversibility
of electron transfer in the charge-discharge cycle; in the absence of
cobalt hydroxide a difference of 150 mV is observed between charge and
discharge peak potentials. 1In the presence of Ca. 10% cobalt hydroxide,
this difference is only 75 mV. The cyclic voltametric curves are shown
in Figure 4.

16 show that, in presence of

Chronocoulometric studies of Maloy
cobalt hydroxide, charge efficiency was 30% greater for the micro
electrode that was used, at room temperature. MHigh temperature studies
were nct attempted.

The effect of moderately high temperature cycling (9G°F) has been
studied by Lander and Pickett using piiot plant fabricated electrodes

with the same amount of coba]t.]7

Cells tested yielded greater than
9% of original capacity at over 170# charge-discharge cycles at the
ene-hour rate of charge and discharge. Charging efficiency was also

greater than 98% at 85% of measured capacity.

15 < u. Falk and A.J. Salkind, Op. Cit., pod.

16 .7, Maloy, "The Effect of Cobalt Hydroxide Coprecipitation in
Nickel Hudroxide Electrodes"”, Final Report under 1975 ASEE-USAF
Sumier Faculty Research Program, August, 1975.

17

J.J. Larder and D.F. Pickett, Paper submitted for presentation
at 27th Power Sources Conference, June, 1976, Atlantic City, N.J.

14




Under contract with Spectrolab AFAPL type electrochemically
impregnated electrodes were used in fabrication of space cells. These
cells are presently under test at the Naval Weapons Support Center,
Crane, Indiana. Initial tests by Spectrolab showed capacities greater
than 20 watt-hours per pound (versus 16 W-nr/1b for state—of—the—art).18

The nickel hydroxide electrode made by e2lectrochemical iripreg-
nation processes appears to be a natural candidate for the new nickel
hydrogen cell due to its structural stability with respect to cycle life.
Swelling of nickel hydroxide electrodes forces electi-olyte nut of the
separater, thus drying out the cell stack. Also, the more demanding
heat removal problems of the nickel hydrogen cell sometimes forces cell
designers tn use very narrow distances between the cell stack and cell
container. If an electrode is used which is not structurally sound,
the plates can be shorted by the metal container.

Recent tests in our laboratory have shown that the AFAI nickel
hydroxide electrode can withstand over 400 rcom temperature charge-
discharge cycles at deep depths of discharge without any change in
dimensions.]g

In addition to results presented here tests have been performed
by TRW Systems Group which strongly faver the use of these electrodes

20

in aerospace nickel-cadmium and nickel hydrogen cells. Work is

contirying on these processes and plans are being made for manufactur-

ing development in the very near future.

18y J. Puglisi and E.L. Ralph, "Development of Nickel Alkaline
Batteries for Aerospace Lightweight Secondary Power", Final Report
under Contract F33615-73-C-2012; AFAPL-TR-75-64, June, 1975.

19 D.F. Pickett, et al. Paper subwmitted ror presentation at the 27th

20 : o . o mra ..
5 R.H. Sparks, Py, Ritteiman and K. E. Pattersan, Unpuin iSned raiuiny.
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TABLE 1

PERFORMANCE OF NICKEL HYDROXIDE ELECTRODES
IMPREGNATED FROM ETHANOL SOLUTIONS

% Uti1ization& A-H per cc
Capacity =~ of Active Matl.  of Void

Plaque Theg.* Measured#

A Capacity
1 1.648 1.399 84.9
2 1.968 2.208 112.2
3 2.0006 2.020 97.8
4 2.032 2.020 93.4
5 1.973 2.020 i0z.4
& 1.973 ¢.020 102.4

*..fAgsuming

#-~2.5 amp.
to 0.

&--After 20

weight gain due to Ni(QH)

charge to 120% of theo. capacity then discharge at 2.5 amps.

8 volts. Average of cell with 3, 4, 5, and 6 taken.

2

charge/discharge cycles.

8.90
10.10

7

~ 0~

A-h per

F.28

~-d

ot

Thickness

+ Co(0d),, and Co(COH), is active

(20 Cycles)

0344
.0328
.0330

material.




SCALE-UP LOADING CHARACTERTSTICS OF

ELECTROGES TMPREGNATED 'ROM

{(9.50" x 8.5 0.030"

with . 20"

Plaque
L

SU-1

Wt. of

58.80
57.60
58.40
59.00

77.50
75.8%
/7.60
78.45

Actrve Mat].

plag
coining between areas, 0.100

Wt. of Matl.
per cc void*

1

-

i

.73
70
72

ves including six 2.75% 475"
around edges)

Theo.

16.99
16.64
16. 88
17.05

22.4(¢
21.92
22.47

-
22.67

NICKEL BYDROXIDE
ETHANOL SOLLTIONS

Thickness

______ Yy gain on Impreg(in)

.0016
.0028
0037
0026

L0036
0025
0036
.0040

electirode areas

Theo.3
Ah/in”

7.0
6.7
6.3
6.9

A NN
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DRY CHARGED NICKEL OXIDE ELECTRODES FOR RESERVE
NICKEL UXTOF-ZINC BATTERIES

Nicke! oxide-zine batteries are presently being investicated as
alternates to the more costly silver oxide-zine batteries surrentily
used 1n a number of applications. Because of the long stand times
involved in some cases, a veserve battery, in which ihe electrolyte
i stored separately for the cell stack, must Se used. The electrolyte
is injected into the cell chamber in order to activate the battery.

For such a system ta be f~asible, dry charged electrodes having stand
times on the order of several years are required. The positive elec-
trode is almost always tae limiting factor in this case as it has a
relatively unstable oxide as active material. For example, AgZO2 is
unstable except in alkaline solution, and AgZO is not stable at high
temperature (-300°C). For the «ystem under investigation, the unstable
oxide is nickel (I1I) oxide or aickel {II1) hvdroxide. Techniyues for
making stable nickel cxide elecirodas have been investigated in our
Teboratory as well as in other organizations. There 1s data, of a
propiietary nature, suggesting that it is quite possible to consiruct
a reserve nickel-zinc battery with several ycars stand 1ife,

Une technigue which das been demonstraied in our Tansratory
involves cnarging conventional vacuuwm dmprognaced piates v KOH electro-

Tyte then washing in distilled orv deionized water. The plates are then

vacuum dried in o dessicator or stored under vacuun for 186 to 72 hours.
The plates yield rated capacity upon activation. Results of some tests
are shown in Figure 5. o lorg term dry storage data §s available on

this techniooe as wet. LU aposars Lhat thic aethod would be aporlicable

to plat :s made Ly ovher processesy
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STLVER OXTDE-ZINC CLECTRODES FOR A MULTICELL PILE
TYPE HIGH POWFR BATTERY

Investigaticns into the feasibility of a secondary pile type 3itver
nxide-zins tattery as a candidate for use wn a megawatt Jeval power system
was dniticted in July 1972 by Eagle-Picher {adustyies undar USAF Contract
Number F33615-73-C-2074. The objective of this nine month program was to
demonstrate the capability of individual components under the environ-
mentai and electrical conditions required for such an application and
project ar overall system desigr. Resulls of ihe above prograw ied to
the initiation of Che necord phase of the program by tayle-Picher
Industries under USAF Contract Number F336315-74-0-20°5.  The chiective
of this present program is to geveliop and build the basic system buiid-
ing block which s a 100 kilowatt {530 voits apd 200 amps) nodule.

The present status of the grogram includes the final opiimization

~

f the pasic cell  ompenesnts end vheir intevsctions, and testing o7f full
scale multicell piles to verify the wenigns.

The genegval design of the bhatiery systen 1s modular in partare €0
that the system can vib the application  Figure & is a graphical re-
presentation of the design of a battery system. Stecks of appwoximate?w
forty cells are constructed into a submodule of 59 volt and 200 anp
capabitity. Ten sutmoduies then make up a module with the asdition of
end plates fwhicr howse electrical componente und interiociing yulde
raile) a0 restrainivg vails. A systew ds then con®igu-ed by inter-
Tocking (physically and electricatly) modules

A1 the heart of the subwodute is the pile type cell shown in
Ttgure £ oand the asst unigue cnaracteristic of the cell i the bipelar

gl e whidch consists on o an intercell connector . a cathods and the

agroae for che adjacent cell,
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The dinfercell connectnr for the bipolar electrode <erves as the
cell case, active matorial substrate, and the electrical connection
between individual cells in a pile type battery. The intercell connector
minimizes the electrical resistivity ram cell-to-(el? resulting in a
comsiderable reduction in veltage Tosses, and since Lhe connector serves
as a comnor substrate te anodes and cethodes, the current is distributed
evenly across its surfaco, which should lend itself to retarding "shape
change” of the anode.

Studies pertaining to the intercell connrctor have been directed
toward: surface prepavatior, compatibility with the electrochenica’l
system, and overail mecharical and electrical properties  Siiver has
been the primary material utilized in these studies and i< procured
per MTL-5-13282A in a continuous roll twelve {12) incties wide. Pre-
paration of the foil surface was directed toward ovoducing a rough
surface for attaching the active materials, hoth silver ane zinc.
Processes which were evaluited included: sandblasting, actd etch, anc
alectr  emical etch, with elcctiochemical etching in potassium
cyanide found most favorable.

In the studies of the negative eloctrade 10 was found desirabl
to protect the siiver foil on the negavive side from the common electro:
lyte. Yo achieve tnis approach, one side of the silver foil has been
slectroplated with a tain uniform tayer o zine. The electroplated zinc
op stiver foil as the apede side of Lhe intercell connector appears
supeyior dnd the resson will be discussed detor.

The pocitive side of tha bipolar ¢lectrode has caused fewer proplens
than anv of the ipdividual componests in development of the pile

battary, dnd the processing esuippent wo s also the teast problem o set



. During the feasibility sludy the most promising cell conficuration
included the use of an uncharged potitive elertrode, which also s>implilies
the process by eliminating its eiectroformation pric:s to cell fabrication,
The uresent configuration of the positive electrode i5 a sintered,
porous silver matrix as shown vy CEM photographs of Fijure &. This
sraterial is deposited onto ihe cathode side of the intercell conrn-ctor
which has been prepared as descivibed above. The active material di. -
tribution is centrclied from .12 tc .15 grems per square inch 2t a
thickness of .0016 inch.

The active positive material is sprayed over tihe antire surface

of the silver fouii extending 2oross the seai airea.

Processing of the positive side of the Lipolar eiectrode Fis heen
set up in such a manner that it can b2 used in a “'nticuc 5 line. How-
ever, since only a timited number of electrodes are requir.:d for this
phese of the contract, the cquipment 15 used as 2 piece part setup.

The processing equipment is divided into three (3) separate sections,
each designed for continuous operation. They are:

1. Spray deposition

2. Drying/Sintering

3. Prassing

The present brocess rate is approximately 100 electrodes per hour
with continuous | otential of 600.

The spraying operation consists of a vented spray hooth with a
sunventional peant wnvay head mowaied nver a continucrs belt.  The spray

tead Tu microswitoh aceihoated as the conlinuous beit feeds single electrode

foil positioned on a rack.  The rack s fabricoaied from coven nickel screen
howing averspray to go throuagh wiineso dassging the sprayed foil by over |

wounder running, I
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The drying/sinteri: , oven is constructed from infrared heating
mod.ies with the first seven (7) modules aajustabie so that the tempera-
ture is Timiced to approximately 300°F providing a zone for drying

The sintering i1s performed in the noxt zone of 4 modules where the
temperature reaches approximately 900°F.

Preasing «f the elnoctrodes is porformed by two (2) four (4) <inch
diemeter rollers. The bottom roller is permanent while the top floats
under a controliable pressure.

Considering all components of the pile battery design, most o' the
problems, auring this contract, have occurved in the configuration
and processirg of the negative electroda. Since the desiyn of the pile
battery is more desirable &s a ury-uncharged unit, i: is necessary that
the negative electrode contain, ¢s a minimum, scfficient zinc oxids to
charye the pesitive elecirode initiaily. The remainder of the active
material is most desirable as zinc, and more :daptable to thin film
electrode processing.,

The present configuration of the neyative electrode consists of
vapcr uwepositing onto the intercell connector, a porous z°no structure.
Figure 9 stows the physical strucuure of vapor deposited zinc by SEM
priotographs.  The intercell connector used for the zinc depnsition has
previously been processed for the positive, with the exposed negative
side prepared as described earlier. The active material is deposited
directly onto the intercel!]l connector at a material distribution of
12 to 14 groms per square inch with a density of 55 to 50 grams peor
cubic inch.  The zine is appliec only to the active cell area, leaving
a foil odye to which the seal is attocaed. Chemical analysis of the
vapor deposited naterial has been show to be 99.4 percent cinc. A

Final coat of 2inc oxide s applied to complele the electrode by

27
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spraying the active material with .06 gmms/'inch2 of zinc oxide.

The electrode describad in the preceding paragraph has culminated
in a structurally and electrically proven electrode resulting in its
use in test cells and piles. Problems have bcn evident and are con-
tributed mainly to internally generated gases which when compounded
with tha ogverall physical configuration, prevents the maximum from
being exhibited by the negative electrode.

Processing of the negative electrode side of the bipolar electrode
is set up on a batch basis. The present capability can produce 16
electrodes in two (2) hours which is limited by the physical size of
the vacuum chamber. Full production could be scaled up either in a
batch basis or as a contianuous strip. To produce 100 electrodes in a
patch process wouid require a chamber approximately six (6) feet in
diameter bv six (6) feet long.

Difficulties were encountered when the negative electrode was
applied directiy on silver foil. Because of the physical structure
of the negative material (porous down to the silver foil) when electro-
lyte came in contac™ with the silver-zinc junctions effectively a
shorted ouple was produced. This problem caused severe gassing on
activation and these gasses were not being effectively removed. To
alieviate this problem, beaker type tests are peing conducted on
electrolyte additives and bimetal intercell cennectors. Results of
tnese tests have shown thet by adding Zn% to the electrolyte (saturated)
and usiry the intercell connector discussed earlier with electroplated
Zinc ag inst the silver foil (thic elininates the common eiectrolyte)
the activation gassss can be reduced substentially.

The physical design i- modular sn pature so that the system con-

SH
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figuration is dictated by the application. The basic system building
block is a 100 kw module as shown in Figure 10, which contains ten (10)
fifty (50) volt submodules. The end plates serve the dual purpose of
housing the module electrical components and in conjunction with the
side rails form the physical restraining system for the submodules. The
eond plates will have male and female interlocking straps so that the
positive end plate of one (1) module will mechanicaily interlock with
the negative end plate of another moduie.

Two (2) areas are being examined independently in the design of
the module electrical system. First, the monitoring system wil] function-
ally be split intc charge and discharge systems and the requirements for
each have been examined. Second, the control system which must be capable
of handling discharge currents of 260 amps has been considered. Fiqure 11
is functional block diagram of a module electrical system, inciuding
monitoring and controls. It is felt that this system would be the minimum
system required.

Data collected during this contract has been used in a projection
program to calculate the weight and volume characteristics of ¢ complete
module and system. As a base power level, a module of 100 kw was used
for the projection to a four (4) megawatt system. These projections
include packaging and system electrical interconnection.

Figure 12 shows a compariscn at various medule power levels for
the combinations shown. The first design is 4 projectinn using exi.ting
test data from aulti-cell tests and shows physical cagabilities in com-
parison to that projected. The results are within approximately 107 and
are exceptionidly close considering that the test cells were not purpose-

Iy held to vhysical minimum such as the seal and sump design.




The electrical performance of full scale ten cell piles is shown
in Figure 3. A current density of 2.0 amps_/'in2 appears to be the upper
1imit when considering end voltage and a current density of 1.3 amps/in2
is the lower 1imit due to module weight and volume.

The primacy prcblem encountered with the full scale piles was
cycie life which is attributed to the internally generated gasses dis-
cussed earlier and arn inadequate means of removing those gasses. However,
Figure 14 is a graph of cell power versus cycles and it shows that single
cell pi‘es cycled as high as fifty cycles (solid lines) and the com-
ponents have demonstrated better than eighty cycles (dashed Tine) in
baaker type tests. It is felt that with the improvements discussed

9

. . . . ee g L
earliier, cycle life requirements canr be satisfied.

[4

- This sectiun of the report was taken from AFAPL-TR-75-51, "High
Rate, Rechargeahle, Silver-Zinc Pile Type Battery”, May 1975, by
L.R. [risman. (t is the final repert under Contract F33615-74-C-2045
ard has Vimited distrisution to U.S. Government agencies only.
Mr. Marsh initiated this contract work. The informatior exivacted
here by My, Marsh has uniimited distribution.
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CONCLUSTIONS

From resutts pregented here 31 is shown that significant advances
o oalkaline battery 2lectrode dnvelopment are being made. Theze
advancas ére not oniy appticabls o mitivery uses, but a number of
spin-0tfs on the commercial market appear to be feasible. For
2xampte, the new nickel cadmiur 2icctrodes can be used both in the
Commercial Satellite and aircraft industries. The reserve batteries
could be used for & number of evergency power applications.
Passibly, the pile Lype pattery could be used for portable tools,
if the cost could he attractively reduced.

In short, advoances such as these are necessary for our national

detense, and may have spin-¢ffs to the commercial market.
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